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© An exhaust gas purification device of an engine. 



o> 

in 
oo 
in 



© An engine comprising an exhaust passage hav- 
ing therein a NO x absorbent which absorbs the NO x 
when the air-fuel ratio of the exhaust gas flowing into 
the NO x absorbent is lean and releases the absorbed 
NO x when the air-fuel ratio of the exhaust gas flow- 
ing into the NO x absorbent becomes the 
stoichiometric air-fuel ratio or rich. When the air-fuel 
ratio of the air-fuel mixture should be changed over 
from lean to the stoichiometric air-fuel ratio, the air- 
fuel ratio of the air-fuel mixture is temporarily made 
rich and is then made the stoichiometric air-fuel 
ratio. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an exhaust gas 
purification device of an engine. 

2. Description of the Related Art 

With respect to an engine in which a lean air- 
fuel mixture is burned, the same applicant has 
proposed a new type of engine in which a NO x 
absorbent is arranged in the exhaust passage of 
the engine. This NO x absorbentabsorbs the NO x 
when the air-fuel ratio of the exhaust gas flowing 
into the NO x absorbent is lean, and this NO x absor- 
bent releases the absorbed NO x when the con- 
centration of oxygen in the exhaust gas flowing into 
the NO x absorbent is lowered. In this engine, when 
a lean air-fuel mixture continues to be burned for 
more than a predetermined time, the air-fuel ratio 
of air-fuel mixture fed into the engine cylinder is 
made the stoichiometric air-fuel ratio or a rich air- 
fuel ratio, and thus, the concentration of oxygen in 
the exhaust gas is lowered. As a result, the NO x is 
released from the NO x absorbent. At this time, the 
NO x thus released is reduced by unburned HC and 
CO discharged from the engine (see copending 
U.S. Patent Application No. 66,100 derived from 
PCT Application No. JP 92/01279). 

In this engine, however, when the air-fuel ratio 
of the air-fuel mixture fed into the engine cylinder 
is changed over from a lean air-fuel ratio to the 
stoichiometric air-fuel ratio, and thus, the NO x is 
released from the NO x absorbent, the amount of 
unburned HC and CO discharged from the engine 
is not sufficiently increased. As a result, the NO x 
released from the NO x absorbent can not be suffi- 
ciently reduced by the unburned HC and CO, and 
thus a problem arises in that the NO x is discharged 
into the outside air. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an exhaust gas purification device capable of pre- 
venting the NO x from being discharged into the 
outside air when the operating state of the engine 
is changed over from an operating state in which a 
lean air-fuel mixture is to be burned to an operating 
state in which the air-fuel mixture of approximately 
the stoichiometric air-fuel ratio is to be burned. 

According to the present invention, there is 
provided an exhaust gas purification device of an 
engine having an exhaust passage, the device 
comprising: a NO x absorbent arranged in the ex- 
haust passage and absorbing NO x when an air-fuel 
ratio of exhaust gas flowing into the NO x absorbent 



is lean, the NO x absorbent releasing absorbed NO x 
when the concentration of oxygen in the exhaust 
gas flowing into the NO x absorbent is lowered; 
determining means for determining whether an en- 

5 gine operating region belongs to a first engine 
operating region in which an air-fuel ratio of an air- 
fuel mixture fed into the engine should be made 
approximately the stoichiometric air-fuel ratio or a 
second engine operating region in which the 

10 amount of fuel fed into the engine is reduced below 
the amount of fuel which is necessary to make the 
air-fuel ratio of the air-fuel mixture the 
stoichiometric air-fuel ratio; and an air-fuel ratio 
control means for controlling the air-fuel ratio of the 

15 air-fuel mixture to make the air-fuel ratio of the air- 
fuel mixture approximately the stoichiometric air- 
fuel ratio after temporarily making the air-fuel ratio 
of the air-fuel mixture rich when an engine operat- 
ing region is changed over from the second engine 

20 operating region to the first engine operating re- 
gion. 

The present invention may be more fully un- 
derstood from the description of preferred embodi- 
ments of the invention set forth below, together 
25 with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
30 Fig. 1 is an overall view of an engine; 

Fig. 2 is a view showing a map of a basic fuel 
injection time; 

Fig. 3 is a diagram illustrating a change in the 
correction coefficient; 
35 Fig. 4 is a diagram showing the concentration of 
unburned HC and CO and O2 in the exhaust 
gas; 

Figs. 5A and 5B are views for explaining an 
absorbing and releasing operation of NO x ; 
40 Fig. 6 is a time chart for explaining a rich control 
of the air-fuel ratio; 

Fig. 7 is a time chart for explaining a rich control 
of the air-fuel ratio; 

Fig. 8 is a time chart for explaining a rich control 
45 of the air-fuel ratio; 

Fig. 9 is a flowchart for processing a cut flag; 
Figs. 10A and 10B are a flowchart for executing 
the air-fuel ratio control; 

Fig. 11 is a time chart for explaining a rich 
50 control of the air-fuel ratio; 

Fig. 12 is a time chart for explaining a rich 

control of the air-fuel ratio; 

Fig. 13 is a time chart for explaining a rich 

control of the air-fuel ratio; 
55 Fig. 14 is a diagram illustrating the relationship 

between the count value C and the time T 0 ; 

Figs. 15A and 15B are a flowchart of a second 

embodiment for executing the air-fuel ratio con- 
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trol; 

Fig. 16 is an overall view of another embodiment 
of an engine; and 

Figs. 17A and 17B are a flowchart of a third 
embodiment for executing the air-fuel ratio con- 
trol. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to Figure 1 , reference numeral 1 des- 
ignates an engine body, 2 a piston, 3 a combustion 
chamber, and 4 a spark plug; 5 designates an 
intake valve, 6 an intake port, 7 an exhaust valve, 
and 8 an exhaust port. The intake port 6 is con- 
nected to a surge tank 10 via a corresponding 
branch pipe 9, and a fuel injector 11 injecting the 
fuel toward the interior of the intake port 6 is 
attached to each branch pipe 9. The surge tank 10 
is connected to an air cleaner 13 via an intake duct 
12, and a throttle valve 14 is disposed in the intake 
duct 12. The exhaust port 8 is connected via an 
exhaust manifold 16 and an exhaust pipe 17 to a 
casing 19 including an NO x absorbent 18. 

An electronic control unit 30 comprises a digi- 
tal computer and is provided with a ROM (read 
only memory) 32, a RAM (random access memory) 
33, a CPU (microprocessor) 34, an input port 35, 
and an output port 36, which are interconnected by 
a bidirectional bus 31. A pressure sensor 15 pro- 
ducing an output voltage which is proportional to 
the absolute pressure in the surge tank 10 is ar- 
ranged in the surge tank 10, and the output voltage 
of the pressure sensor 15 is put into the input port 
35 via an AD converter 37. A throttle sensor 20 
producing an output signal indicating that the de- 
gree of the opening of the throttle valve 14 is equal 
to the degree of the opening at idling is attached to 
the throttle valve 14, and the output signal of the 
throttle sensor 20 is put into the input port 35. In 
addition, an engine speed sensor 21 generating an 
output pulse expressing the engine speed is con- 
nected to the input port 35. The output port 36 is 
connected via the corresponding driving circuits 38 
to the spark plug 4 and fuel injector 11, respec- 
tively. 

In the internal combustion engine shown in Fig. 
1, the fuel injection time TAU is calculated based 
on, for example, the following equation. 

TAU = TP-K 

where, TP is a basic fuel injection time, and K is a 
correction coefficient. The basic fuel injection time 
TP shows the fuel injection time necessary for 
bringing the air-fuel ratio of an air-fuel mixture fed 
into the engine cylinder to the stoichiometric air- 
fuel ratio. This basic fuel injection time TP is found 
in advance by experiment and is stored in advance 



in the ROM 32 in the form of a map as shown in 
Fig. 2 as the function of the absolute pressure PM 
in the surge tank 10 and the engine speed N. The 
correction coefficient K is a coefficient for control- 

5 ling the air-fuel ratio of the air-fuel mixture fed into 
the engine cylinder, and if K = 1.0, the air-fuel 
mixture fed into the engine cylinder becomes the 
stoichiometric air-fuel ratio. Contrary to this, when 
K becomes smaller than 1 .0, the air-fuel ratio of the 

to air-fuel mixture fed into the engine cylinder be- 
comes larger than the stoichiometric air-fuel ratio, 
that is, becomes lean, and when K becomes larger 
than 1 .0, the air-fuel ratio of the air-fuel mixture fed 
into the engine cylinder becomes smaller than the 

75 stoichiometric air-fuel ratio, that is, becomes rich. 

The value of the correction coefficient K is 
determined in advance on the basis of the engine 
speed N and the absolute pressure PM in the 
surge tank 10, and Figure 3 illustrates an example 

20 of the value of the correction coefficient K. In the 
embodiment shown in Fig. 3, the value of the 
correction coefficient K is made a value less than 
1.0 in an engine operating region in which the 
absolute pressure PM in the surge tank 10 is 

25 relatively low, i.e., in an engine low and middle load 
operating region. Accordingly, in this region, the 
air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is made a lean air-fuel ratio. Con- 
versely, the value of the correction coefficient K is 

30 made 1.0 in an engine operating region in which 
the absolute pressure PM in the surge tank 10 is 
relatively high, i.e., in an engine heavy load operat- 
ing region. Accordingly, in this region, the air-fuel 
ratio of the air-fuel mixture fed into the engine 

35 cylinder is made the stoichiometric air-fuel ratio. 

In addition, the value of the correction coeffi- 
cient K is made a value larger than 1.0 in an 
engine operating region in which the absolute pres- 
sure PM in the surge tank 10 becomes highest, 

40 i.e., in an engine full load operating region. Accord- 
ingly, in this region, the air-fuel ratio of the air-fuel 
mixture fed into the engine cylinder is made a rich 
air-fuel ratio. When the idling operation of the en- 
gine is carried out, the value of the correction 

45 coefficient K is made 1 .0. Accordingly, at this time, 
the air-fuel ratio of the air-fuel mixture fed into the 
engine cylinder is made the stoichiometric air-fuel 
ratio. In an engine, normally, the frequency of the 
engine low and middle operating state is highest, 

50 and therefore, in a majority of the engine operating 
period, a lean air-fuel mixture is burned. 

Figure 4 schematically shows the concentration 
of representative components in the exhaust gas 
discharged from the combustion chamber 3. As 

55 seen from Fig. 4, the concentration of the unburnt 
HC and CO in the exhaust gas discharged from the 
combustion chamber 3 is increased as the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
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chamber 3 becomes richer, and the concentration 
of the oxygen O2 in the exhaust gas discharged 
from the combustion chamber 3 is increased as the 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 becomes leaner. 

The NO x absorbent 18 contained in the casing 
19 uses, for example, alumina as a carrier. On this 
carrier, at least one substance selected from alkali 
metals, for example, potassium K, sodium Na, lith- 
ium Li, and cesium Cs; alkali-earth metals, for 
example, barium Ba and calcium Ca; and rare-earth 
metals, for example, lanthanum La and yttrium Y 
and precious metals such as platinum Pt is carried. 
When referring to the ratio between the air and fuel 
(hydrocarbons) fed into the intake passage of the 
engine and the exhaust passage upstream of the 
NO x absorbent 18 as the air-fuel ratio of the in- 
flowing exhaust gas to the NO x absorbent 18, this 
NO x absorbent 18 performs the absorption and 
releasing operation of NO x by absorbing the NO x 
when the air-fuel ratio of the inflowing exhaust gas 
is lean, while releasing the absorbed NO x when the 
concentration of oxygen in the inflowing exhaust 
gas falls. Note that, where the fuel (hydrocarbons) 
or air is not fed into the exhaust passage upstream 
of the NO x absorbent 18, the air-fuel ratio of the 
inflowing exhaust gas coincides with the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3. Accordingly, at this time, the NO x ab- 
sorbent 18 absorbs the NO x when the air-fuel ratio 
of the air-fuel mixture fed into the combustion 
chamber 3 is lean and releases the absorbed NO x 
when the concentration of oxygen in the air-fuel 
mixture fed into the combustion chamber 3 is 
lowered. 

When the above-mentioned NO x absorbent 18 
is disposed in the exhaust passage of the engine, 
this NO x absorbent 18 actually performs the ab- 
sorption and releasing operation of NO x , but there 
are areas of the exact mechanism of this absorp- 
tion and releasing operation which are not clear. 
However, it can be considered that this absorption 
and releasing operation is conducted by the 
mechanism as shown in Figs. 5A and 5B. This 
mechanism will be explained by using as an exam- 
ple a case where platinum Pt and barium Ba are 
carried on the carrier, but a similar mechanisms is 
obtained even if another precious metal, alkali met- 
al, alkali earth metal, or rare earth metal is used. 

Namely, when the inflowing exhaust gas be- 
comes considerably lean, the concentration of oxy- 
gen in the inflowing exhaust gas is greatly in- 
creased. At this time, as shown in Fig. 5A, the 
oxygen O2 is deposited on the surface of the 
platinum Pt in the form of O2" or O 2- . The NO in 
the inflowing exhaust gas reacts with the O2" or 
O 2 " on the surface of the platinum Pt and becomes 
NO2 (2NO + O2 — 2NO2). Subsequently, a part of 
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the produced NO2 is oxidized on the platinum Pt 
and absorbed into the absorbent. While bonding 
with the barium oxide BaO, it is diffused in the 
absorbent in the form of nitric acid ions NO3" as 

5 shown in Fig. 5A. In this way, NO x is absorbed into 
the NO x absorbent 18. 

So long as the oxygen concentration in the 
inflowing exhaust gas is high, the NO x is produced 
on the surface of the platinum Pt, and so long as 

10 the NO x absorption ability of the absorbent is not 
saturated, the NO x is absorbed into the absorbent 
and nitric acid ions N03~ are produced. Contrary 
to this, when the oxygen concentration in the in- 
flowing exhaust gas is lowered and the production 

75 of NO2 is lowered, the reaction proceeds in an 
inverse direction (N0 3 " — NO2), and thus nitric 
acid ions N0 3 " in the absorbent are released in 
the form of NO2 from the absorbent. Namely, when 
the oxygen concentration in the inflowing exhaust 

20 gas is lowered, the NO x is released from the NO x 
absorbent 18. As shown in Fig. 4, when the degree 
of leanness of the inflowing exhaust gas becomes 
low, the oxygen concentration in the inflowing ex- 
haust gas is lowered, and accordingly when the 

25 degree of leanness of the inflowing exhaust gas is 
lowered, the NO x is released from the NO x absor- 
bent 18 even if the air-fuel ratio of the inflowing 
exhaust gas is lean. 

On the other hand, at this time, when the air- 

30 fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is made rich and the air-fuel 
ratio of the inflowing exhaust gas becomes rich, as 
shown in Fig. 4, a large amount of unburnt HC and 
CO is discharged from the engine, and this unburnt 

35 HC and CO react with the oxygen O2" or O 2 " on 
the platinum Pt and are oxidized. Also, when the 
air-fuel ratio of the inflowing exhaust gas becomes 
rich, the oxygen concentration in the inflowing ex- 
haust gas is lowered considerably, and therefore 

40 the NO2 is released from the absorbent. This NO2 
reacts with the unburnt HC and CO as shown in 
Fig. 5B and is reduced. In this way, when the NO2 
no longer exists on the surface of the platinum Pt, 
the NO2 is successively released from the absor- 

45 bent. Accordingly, when the air-fuel ratio of the 
inflowing exhaust gas is made rich, the NO x is 
released from the NO x absorbent 18 in a short 
time. 

Namely, when the air-fuel ratio of the inflowing 
50 exhaust gas is made rich, first of all, the unburnt 
HC and CO immediately react with the O2" or O 2 " 
on the platinum Pt and are oxidized, and subse- 
quently if the unburnt HC and CO still remain even 
though the O2"* or O 2 " on the platinum Pt is 
55 consumed, the NO x released from the absorbent 
and the NO x discharged from the engine are re- 
duced by these unburnt HC and CO. Accordingly, 
if the air-fuel ratio of the inflowing exhaust gas is 
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made rich, the NO x absorbed in the NO x absorbent 
18 is released therefrom in a short time and, in 
addition, the NO x thusreleased is reduced. Accord- 
ingly, it is possible to prevent the NO x from being 
discharged into the outside air. 

In addition, also when the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is made the stoichiometric air-fuel ratio, and thus, 
the air-fuel ratio of the inflowing exhaust gas is 
made the stoichiometric air-fuel ratio, the unburned 
HC and CO in the exhaust gas react with the NO x 
on the surface of the platinum Pt, and the NO2 on 
the surface of the platinum disappears. As a result, 
the NO x is released from the NO x absorbent 18. 
However, where the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is 
made the stoichiometric air-fuel ratio, since the 
amount of the unburned HC and CO in the exhaust 
gas is small, the NO x is gradually released from 
the NO x absorbent 18. Accordingly, at this time, it 
takes a relatively long time to release all the NO x 
absorbed in the NO x absorbent 18. 

In this way, when a lean air-fuel mixture is fed 
into the combustion chamber 3, the NO x is ab- 
sorbed in the NO x absorbent 18 and, when the air- 
fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is made the stoichiometric or 
rich, the NO x absorbed in the NO x absorbent 18 is 
released, and the NO x thus released is reduced by 
the unburned HC and CO. In this case, the NO x 
released from the NO x absorbent 18 is sufficiently 
reduced by the unburned HC and CO when the air- 
fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is changed over from lean to 
rich, and the NO x released from the NO x absorbent 
18 is also sufficiently reduced by the unburned HC 
and CO after the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is changed over 
from lean to rich or the stoichiometric air-fuel ratio. 
However, when the air-fuel ratio of the air-fuel mix- 
ture fed into the combustion chamber 3 is changed 
over from lean to the stoichiometric air-fuel ratio, 
the NO x released from the NO x absorbent 18 is not 
sufficiently reduced, and thus the NO x is dis- 
charged into the outside air. Next, the reason for 
this matter will be described. 

Namely, if the air-fuel ratio of the air-fuel mix- 
ture fed into the combustion chamber 3 is changed 
over from lean to rich, since the concentration of 
the oxygen in the exhaust gas is abruptly lowered, 
the NO x is released from the NO x absorbent 1 8, as 
mentioned above. However, if the air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber 3 is changed over from lean to rich, since a 
large amount of the unburned HC and CO is dis- 
charged from the engine as illustrated in Fig. 4, the 
NO x released from the NO x absorbent 18 is suffi- 
ciently reduced by the unburned HC and CO. 
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In addition, the amount of the NO x , which cor- 
responds to the amount of the unburned HC and 
CO, is released from the NO x absorbent 18 after 
the air-fuel ratio of the air-fuel mixture fed into the 

5 combustion chamber 3 is changed from lean to 
rich. Accordingly, also at this time, the NO x re- 
leased from the NO x absorbent 18 is sufficiently 
reduced by the unburned HC and CO. Similarly, 
the amount of the NO x , which corresponds to the 

10 amount of the unburned HC and CO, is released 
from the NO x absorbent 18 after the airzfuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber 3 is changed over from lean to the 
stoichiometric air-fuel ratio. Accordingly, also at this 

75 time, the NO x released from the NO x absorbent 18 
is sufficiently reduced by the unburned HC and 
CO. 

Furthermore, also when the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 

20 is changed over from lean to the stoichiometric air- 
fuel ratio, since the concentration of the oxygen in 
the exhaust gas is lowered, the NO x is released 
from the NO x absorbent 18. However, as can be 
seen from Fig. 4, even if the air-fuel ratio of the air- 

25 fuel mixture fed into the combustion chamber 3 is 
changed over from lean to the stoichiometric air- 
fuel ratio, the amount of the unburned HC and CO 
discharged from the engine is not considerably 
increased, and thus, at this time, the amount of the 

30 unburned HC and CO discharged from the NO x 
absorbent 18 is smaller than the amount of the 
unburned HC and CO which is capable of reducing 
all the NO x released from the NO x absorbent 18. 
Therefore, at this time, the NO x released from the 

35 NO x absorbent 18 can not be sufficiently reduced, 
and thus, the NO x is discharged into the outside 
air. 

Therefore, in the present invention, when the 
air-fuel ratio of the air-fuel mixture fed into the 

40 combustion chamber 3 is to be changed over from 
lean to the stoichiometric air-fuel ratio, initially, the 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is temporarily made rich 
and is then made the stoichiometric air-fuel ratio. If 

45 the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is temporarily made rich as 
mentioned above, a large amount of the unburned 
HC and CO is discharged from the engine. Accord- 
ingly, at this time, the NO x released from the NO x 

50 absorbent 18 is sufficiently reduced by the un- 
burned HC and CO. In addition, the amount of the 
NO Xl which corresponds to the amount of the un- 
burned HC and CO, is released from the NO x 
absorbent 18 after the air-fuel ratio of the air-fuel 

55 mixture fed into the combustion chamber 3 is 
changed over from rich to the stoichiometric air- 
fuel ratio. Accordingly, also at this time, the NO x 
released from the NO x absorbent 18 is sufficiently 
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reduced by the unburned HC and CO. 

Next, the embodiment according to the present 
invention will be described with reference to Fig- 
ures 6 through 8. 

As mentioned earlier, in the embodiment ac- 
cording to the present invention, when the idling 
operation of the engine is carried out, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made the stoichiometric air-fuel ratio. 
In this case, in the embodiment according to the 
present invention, it is determined that the idling 
operation of the engine is carried out when the 
degree of the opening of the throttle valve 14 
becomes equal to the degree of the opening at 
idling and when the engine speed N becomes 
lower than 900 r.p.m. Accordingly, it is determined 
that the operating state of the engine becomes an 
idling state (time ti of Fig. 6) when the engine 
speed N becomes lower than 900 r.p.m. after the 
throttle valve 14 is closed to an idling position from 
a slightly open position as illustrated in Fig. 6. As 
can been seen from Fig. 3, when the throttle valve 
14 is slightly open, the air-fuel mixture fed into the 
combustion chamber 3 is lean. Accordingly, when 
it is determined that the operating state of the 
engine becomes an idling state at time ti, the 
target air-fuel ratio of the air-fuel mixture to be fed 
into the combustion chamber 3 is changed over 
from lean to the stoichiometric air-fuel ratio. At this 
time, in the embodiment according to the present 
invention, the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is temporarily 
made rich as shown by T 0 in Fig. 6 and then made 
the stoichiometric air-fuel ratio. 

In addition, in the embodiment according to the 
present invention, if the engine speed N is higher 
than 1400 r.p.m. when the throttle valve 17 is 
closed to the idling position as shown in Fig. 7, the 
supply of fuel is stopped, and when the engine 
speed N becomes lower than 900 r.p.m. thereafter, 
the supply of fuel is started again. Accordingly, it is 
determined that the operating state of the engine is 
an idling state when the supply of fuel is started 
again, and thus, at this time, the target air-fuel ratio 
of the air-fuel mixture to be fed into the combustion 
chamber 3 becomes the stoichiometric air-fuel ra- 
tio. In the embodiment according to the present 
invention, also at this time, as shown by T 0 in Fig. 
7, the air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is temporarily made 
rich as soon as the supply of fuel is started. Then, 
the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is made the stoichiometric 
air-fuel ratio. 

In addition, in the embodiment according to the 
present invention, as illustrated in Fig. 3, when the 
engine is operating under a heavy load, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 



chamber 3 is made the stoichiometric air-fuel ratio 
(K = 1.0). Accordingly, when the degree of the 
opening of the throttle valve 14 is caused to be- 
come large as shown in Fig. 8, and thus, the 

5 operating state of the engine is shifted to the 
engine heavy load operating region, the target air- 
fuel ratio of the air-fuel mixture to be fed into the 
combustion chamber 3 is changed over from lean 
to the stoichiometric air-fuel ratio. In the embodi- 

10 ment according to the present invention, also at 
this time, the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is temporarily 
made rich as shown by T 0 in Fig. 8 and is then 
made the stoichiometric air-fuel ratio. 

75 Next, a first embodiment of the air-fuel ratio 
control according to the present invention will be 
described with reference to Figures 9, 10A and 
10B. 

Fig. 9 illustrates a routine for processing a cut 

20 flag indicating that the injection of fuel should be 
stopped, and this routine is processed by sequen- 
tial interruptions which are executed at predeter- 
mined fixed intervals. 

Referring to Fig. 9, in step 100, it is determined 

25 whether or not the cut flag indicating that the 
injection of fuel should be stopped is set. When the 
cut flag is not set, the routine goes to step 101, 
and it is determined based on the output signal of 
the throttle sensor 20 whether or not the degree of 

30 the opening of the throttle valve 14 is the degree of 
the opening at idling. When the degree of the 
opening of the throttle valve 14 is the degree of the 
opening at idle, the routine goes to step 102, and it 
is determined whether or not the engine speed N is 

35 higher than a predetermined speed, for example, 
1400 r.p.m. If N > 1400 r.p.m., the routine goes to 
step 103. Namely, when the degree of the opening 
of the throttle valve 14 is the degree of the opening 
at idling, and the engine speed N is higher than 

40 1400 r.p.m., it is determined that the decelerating 
operation of the engine in which the injection of 
fuel should be stopped is carried out. At this time, 
the routine goes to step 103, and the cut flag is 
set. If the cut flag is set, the injection of fuel is 

45 stopped as hereinafter described. 

If the cut flag is set, the routine goes to step 
104 from step 100, and it is determined based on 
the output signal of the throttle sensor 20 whether 
or not the throttle valve 14 is open. When the 

50 throttle valve 14 is not open, the routine goes to 
step 105, and it is determined whether or not the 
engine speed N becomes lower than a predeter- 
mined speed, for example, 900 r.p.m. If N £ 900 
r.p.m., the processing cycle is completed. Con- 

55 versely, when it is determined in step 104 that the 
throttle valve 14 is open, or when it is determined 
in step 105 that N < 900 r.p.m., the routine goes to 
step 106, and the cut flag is reset. If the cut flag is 
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reset, the injection of fuel is started as hereinafter 
described. 

Figs. 10A and 10B illustrates a routine for con- 
trolling an air-fuel ratio, and this routine is repeat- 
edly executed. 

Referring to Figs. 10A and 10B, in step 200, it 
is determined whether or not the degree of the 
opening of the throttle valve 14 is the degree of the 
opening at idling. When the degree of the opening 
of the throttle valve 14 is the degree of the opening 
at idling, the routine goes to step 201, and it is 
determined whether or not the engine speed N is 
lower than 900 r.p.m. If N £ 900 r.p.m., the routine 
goes to step 202. Namely, when the degree of the 
opening of the throttle valve 14 is the degree of the 
opening at idling, and the engine speed N is lower 
than 900 r.p.m., it is determined that the idling 
operation of the engine is carried out, and the 
routine goes to step 202. In step 202, the value of 
the correction coefficient K is made 1.0, i.e., the 
target air-fuel ratio of the air-fuel mixture to be fed 
into the combustion chamber 3 is made the 
stoichiometric air-fuel ratio, and then the routine 
goes to step 204. Conversely, when the degree of 
the opening of the throttle valve 14 is not the 
degree of the opening at idling, or when N > 900 
r.p.m., the routine goes to step 203, and the value 
of the correction coefficient K is calculated from the 
engine speed N and the absolute pressure PM in 
the surge tank 10 on the basis of the relationship 
shown in Fig. 3. Then, the routine goes to step 
204. 

In step 204, it is determined whether or not the 
value of the correction coefficient K is equal to 1 .0, 
i.e., the target air-fuel ratio of the air-fuel mixture to 
be fed into the combustion chamber 3 is the 
stoichiometric air-fuel ratio. When K = 1.0, the 
routine goes to step 205, and it is determined 
whether or not a rich completion flag indicating that 
a process of temporarily making the air-fuel ratio 
rich is completed is set. When the routine initially 
goes to step 205 after the value of the correction 
coefficient K becomes equal to 1.0, the rich com- 
pletion flag is not set. Accordingly, at this time, the 
routine goes to step 206, and the value of the 
correction coefficient K, is made a predetermined 
value KK. This predetermined value KK is a value 
between about 1 .1 and 1 .2 which makes the air-fuel 
ratio of the air-fuel mixture a ratio between about 
12.0:1 to 13.5:1. 

Then, in step 207, the count value T is incre- 
mented by one, and then in step 208, it is deter- 
mined whether or not the count value T has be- 
come larger than a predetermined value T 0 . If T £ 
T 0 , the routine goes to step 210, and it is deter- 
mined whether or not the cut flag is set. When the 
cut flag is set, the routine goes to step 211, and 
the value of the correction coefficient K t is made 



zero. Then, the routine goes to step 213. Con- 
versely, when the cut flag is not set, the routine 
goes to step 212. In step 212, the basic fuel 
injection time TP is calculated from the engine 

5 speed N and the absolute pressure PM in the 
surge tank 10 on the basis of the map shown in 
Fig. 2, and then, the routine goes to step 213. In 
step 213, the fuel injection time TAU (= K,»TP) is 
calculated by multiplying the basic fuel injection 

10 time TP by the correction coefficient K t . 

When it is determined in step 208 that T > T 0 , 
the routine goes to step 209, and the rich comple- 
tion flag is set. Then, the routine goes to step 213 
via steps 210 and 211 or via steps 210 and 212. If 

75 the rich completion flag is set, the routine goes to 
step 215 from step 205, and the value of the 
correction coefficient K, is made the value of the 
correction coefficient K. Then, in step 216, the 
count value T is made zero. Then, the routine goes 

20 to step 213 via steps 210 and 211 or via steps 210 
and 212. Accordingly, if the value of the correction 
coefficient K becomes equal to 1.0, i.e., the target 
air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 becomes the stoichiometric 

25 air-fuel ratio, the air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 is made rich (K t 
= KK) during the predetermined time T 0 as long as 
the out flag is not set. After this, when the predeter- 
mined time T 0 has elapsed, the air-fuel ratio of the 

30 air-fuel mixture fed into the combustion chamber 3 
is made the stoichiometric air-fuel ratio (K t = K). 

When it is determined in step 204 that the 
correction coefficient K is not equal to 1.0, i.e., the 
target air-fuel ratio of the air-fuel mixture fed into 

35 the combustion chamber 3 is lean or rich, the 
routine goes to step 214, and the rich completion 
flag is reset. Then, the routine goes to step 215, 
and the value of the correction coefficient K, is 
made the value of the correction coefficient K. 

40 Accordingly, at this time, the air-fuel mixture fed 
into the combustion chamber 3 is made lean or 
rich as long as the cut flag is not set. Note that, 
where the cut flag is set, since the value of the 
correction coefficient K t is made zero at step 211, 

45 the injection of fuel is stopped. 

Figures 11 through 14 illustrate a second em- 
bodiment of an air-fuel ratio control according to 
the present invention. 

Fig. 1 1 illustrates the case where the operating 

50 state of the engine is shifted to an idling state in 
the same manner as that in Fig. 6, and Fig. 12 
illustrates the case where the injection of fuel is 
stopped when the engine is decelerated in the 
same manner as that in Fig. 7. In addition, Fig. 13 

55 illustrates the case where the operating state of the 
engine is shifted to a heavy load state in the same 
manner as that in Fig. 8. As can seen from Figs. 
11, 12 and 13, also in this second embodiment, 
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wh8n the target air-fuel ratio of the air-fuel mixture 
is changed over from lean to the stoichiometric air- 
fuel ratio, the air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 is temporarily rich 
and is then made the stoichiometric air-fuel ratio, 
but, in this second embodiment, the time T 0 during 
which the air-fuel mixture fed into the combustion 
chamber 3 is made rich to positively release the 
NO x from the NO x absorbent 18 is made longer as 
compared with the first embodiment. 

Namely, if a lean mixture continues to be 
burned, the amount of the NO x absorbed and accu- 
mulated in the NO x absorbent 18 is gradually in- 
creased. In this case, if the absorbing ability of the 
NO x of the NO x absorbent 18 is saturated, the NO x 
absorbent 18 no longer can absorb the NO x . Ac- 
cordingly, it is necessary to release the NO x from 
the NO x absorbent 18 before the absorbing ability 
of the NO x of the NO x absorbent 18 is saturated. 
Therefore, in the second embodiment, the air-fuel 
mixture fed into the combustion chamber 3 is 
made rich for a relatively long time T Q everytime 
the target air-fuel ratio of the air-fuel mixture fed 
into the combustion chamber 3 becomes the 
stoichiometric air-fuel ratio so that the NO x can be 
released from the NO x absorbent 18 in this time. 

Note that, the air-fuel mixture fed into the com- 
bustion chamber 3 may be made rich to release 
the NO x from the NO x absorbent 18 when a lean 
air-fuel mixture is burned. However, if the air-fuel 
mixture is changed over from lean to rich as men- 
tioned above, the amount of fuel injection is consid- 
erably increased. Conversely, if the air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber is changed over from the stoichiometric air-fuel 
ratio to rich, the increase in the fuel consumption 
becomes smaller as compared with the case where 
the air-fuel mixture is changed over from lean to 
rich. Accordingly, to reduce the amount of the fuel 
consumption, it is preferable that the air-fuel mix- 
ture be made rich when the target air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 
ber 3 is the stoichiometric air-fuel ratio, as in the 
embodiment according to the present invention. 

In addition, the amount of the NO x absorbed 
and accumulated in the NO x absorbent 18 be- 
comes smaller as the time during which a lean air- 
fuel mixture continues to be burned becomes shor- 
ter. In this case, where the amount of the NO x 
absorbed and accumulated in the NO x absorbent 
18 is small, even if the time T D during which the 
air-fuel mixture is made rich is shortened, it is 
possible to release all the NO x absorbed in the NO x 
absorbent 18 therefrom. Accordingly, in the second 
embodiment, as illustrated in Fig. 14, the time T 0 
during which the air-fuel mixture is made rich is 
made shorter as the time C during which a lean air- 
fuel mixture continues to be burned becomes shor- 



ter. Note that, the relationship between C and T 0 
shown in Fig. 14 is stored in advance in the ROM 
32. 

In addition, in the second embodiment, as illus- 

5 trated in Fig. 12, the air-fuel mixture is made rich 
when the injection of fuel is started, i.e., after the 
engine speed N drops considerably. In this case, 
the amount of air fed into the combustion chamber 
3 per a unit time becomes smaller as the engine 

10 speed N becomes low. Accordingly, to make the 
air-fuel ratio rich up to the same richness, the 
amount of fuel to be increased becomes smaller as 
the engine speed N becomes low. Therefore, as 
illustrated in Fig. 12, if the air-fuel mixture is made 

75 rich when the engine speed N drops, the amount of 
the fuel consumption can be reduced. In addition, 
the efficiency of the NO x releasing operation from 
the NO x absorbent 18 becomes high as the ve- 
locity of the exhaust gas flowing within the NO x 

20 absorbent 18 becomes low. Accordingly, as illus- 
trated in Fig. 12, if the air-fuel mixture is made rich 
when the engine speed N drops considerably, a 
good releasing operation of the NO x from the NO x 
absorbent 18 can be obtained. 

25 In addition, when the operating state of the 
engine is shifted to an idling state as illustrated in 
Figs. 11 and 12, if the air-fuel mixture fed into the 
combustion chamber 3 is made rich for a relatively 
long time, carbons are more easily accumulated 

30 around the electrode of the spark plug 4. In this 
case, if a large amount of carbons are accumulated 
around the electrode of the spark plug 4, an igni- 
tion electric current leakage via the carbons occurs. 
As a result, since a good ignition cannot be ob- 

35 tained, the engine speed N drops. Therefore, in the 
second embodiment, where the idling operation of 
the engine is carried out, and the air-fuel mixture 
fed into the combustion chamber 3 is made rich, if 
the engine speed N drops to a fixed speed, for 

40 example, 500 r.p.m., the air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is im- 
mediately changed over from rich to the 
stoichiometric air-fuel ratio. If the air-fuel ratio of 
the air-fuel mixture fed into the combustion cham- 

45 ber 3 is changed over from rich to the 
stoichiometric air-fuel ratio, since the accumulated 
carbons are burned out, the leakage of the ignition 
electric current ceases. As a result, since the en- 
gine speed N increases, it is possible to prevent 

so the occurrence of an engine stall. 

Figures 15A and 15B illustrate a routine for 
executing the second embodiment of an air-fuel 
ratio control, and this routine is repeatedly ex- 
ecuted. Note that, also in this second embodiment, 

55 the cut flag processing routine illustrated in Fig. 9 
is used when controlling the air-fuel ratio. 

Referring to Figs. 15A and 15B, in step 300, it 
is determined whether or not the cut flag indicating 
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that the injection of fuel should be stopped is set. 
When the cut flag is not set, the routine goes to 
step 301, and it is determined whether or not the 
value of the correction coefficient K t is smaller than 
1.0. When K, < 1.0, i.e., the air-fuel mixture fed into 
the combustion chamber 3 is lean, the routine goes 
to step 302, and the count value C is incremented 
by one. Then, the routine goes to step 304. Con- 
versely, when K t £ 1 .0, i.e., the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is the stoichiometric air-fuel ratio or is rich, the 
routine goes to step 303, and the count value C is 
made zero. Then, the routine goes to step 304. In 
addition, when the cut flag is set, the routine jumps 
to step 304 from step 300. Accordingly, the count 
value C represents a time during which a lean air- 
fuel mixture continues to be burned. 

In step 304, it is determined whether or not the 
degree of the opening of the throttle valve 14 is the 
degree of the opening at idling. When the degree 
of the opening of the throttle valve 14 is the degree 
of the opening at idling, the routine goes to step 
305, and it is determined whether or not the engine 
speed N is lower than 900 r.p.m. If N £ 900 r.p.m., 
the routine goes to step 306. Namely, when the 
degree of the opening of the throttle valve 14 is the 
degree of the opening at idling, and the engine 
speed N is lower than 900 r.p.m., it is determined 
that the idling operation of the engine is carried 
out, and the routine goes to step 306. In step 306, 
the value of the correction coefficient K is made 
1.0, i.e., the target air-fuel ratio of the air-fuel mix- 
ture to be fed into the combustion chamber 3 is 
made the stoichiometric air-fuel ratio, and then the 
routine goes to step 308. Conversely, when the 
degree of the opening of the throttle valve 14 is not 
the degree of the opening at idling, or when N > 
900 r.p.m., the routine goes to step 307, and the 
value of the correction coefficient K is calculated 
from the engine speed N and the absolute pres- 
sure PM in the surge tank 10 on the basis of the 
relationship shown in Fig. 3. Then, the routine goes 
to step 308. 

In step 308, it is determined whether or not the 
value of the correction coefficient K is equal to 1 .0, 
i.e., the target air-fuel ratio of the air-fuel mixture to 
be fed into the combustion chamber 3 is the 
stoichiometric air-fuel ratio. When K = 1.0, the 
routine goes to step 309, and it is determined 
whether or not a rich completion flag indicating that 
a process of temporarily making the air-fuel ratio 
rich is completed is set. When the routine initially 
goes to step 309 after the value of the correction 
coefficient K becomes equal to 1.0, the rich com- 
pletion flag is not set. Accordingly, at this time, the 
routine goes to step 310, and it is determined 
whether or not a rich flag indicating that the air-fuel 
mixture fed into the combustion chamber 3 should 



be temporarily made rich is set. When the routine 
initially goes to step 310 after the value of the 
correction coefficient K becomes equal to 1 .0, the 
rich flag is not set. Accordingly, at this time, the 

5 routine goes to step 311, and the value of the 
correction coefficient K t is made a predetermined 
value KK. This predetermined value KK is a value 
between about 1.1 and 1.2 which makes the air-fuel 
ratio of the air-fuel mixture a ratio between about 

w 12.0:1 to 13.5:1. 

Then, in step 312, the time T G during which the 
air-fuel mixture fed into the combustion chamber 3 
should be made rich is calculated from the count 
value C on the basis of the relationship shown in 

75 Fig. 14. Then, in step 313, the rich flag is set. 
Then, the routine goes to step 314, and it is deter- 
mined whether or not the cut flag is set. When the 
cut flag is set, the routine goes to step 315, and 
the value of the correction coefficient K t is-made 

20 zero. Then, the routine goes to step 317. Con- 
versely, when the cut flag is not set, the routine 
goes to step 316. In step 316, the basic fuel 
injection time TP is calculated from the engine 
speed N and the absolute pressure PM in the 

25 surge tank 10 on the basis of the map shown in 
Fig. 2, and then, the routine goes to step 317. In 
step 317, the fuel injection time TAU (= K t «TP) is 
calculated by multiplying the basic fuel injection 
time TP by the correction coefficient K t . 

30 If the rich flag is set, the routine goes to step 
318 from step 310, and the count value T is incre- 
mented by one. Then, in step 319, it is determined 
whether or not the engine speed N has become 
lower than a fixed speed, for example, 500 r.p.m. If 

35 N £ 500 r.p.m., the routine goes to step 320, and it 
is determined whether or not the count value T has 
become larger than the value T 0 . If T £ T 0 , the 
routine goes to step 314. 

When it is determined in step 320 that the 

40 count value T has become larger than the value T Q , 
the routine goes to step 321 , and the rich comple- 
tion flag is set. Then, in step 322, the rich flag is 
reset. Then, in step 323, the count value T is made 
zero, and then, in step 324, the value of the correc- 
ts tion coefficient K t is made the value of the correc- 
tion coefficient K. If the rich completion flag is set, 
the routine jumps to step 322 from step 309. Then, 
the routine goes to step 324 via step 323, and the 
value of the correction coefficient K t is made of the 

so value of the correction coefficient K. Accordingly, if 
the value of the correction coefficient K becomes 
equal to 1 .0, i.e., the target air-fuel ratio of the air- 
fuel mixture fed into the combustion chamber 3 
becomes the stoichiometric air-fuel ratio, the air- 

55 fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is made rich (K, = KK) during 
the time T Q as long as the cut flag is not set. After 
this, when the time T 0 has elapsed, the air-fuel ratio 
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of the air-fuel mixture fed into the combustion 
chamber 3 is made the stoichiometric air-fuel ratio 
(Kt = K). 

If the engine speed N drops below 500 r.p.m. 
when the air-fuel mixture fed into the combustion 
chamber 3 is rich, the routine jumps to step 321 
from step 319. Then, the routine goes to step 324 
via steps 322 and 323, and the value of the correc- 
tion coefficient K, is made the value of the correc- 
tion coefficient K. Accordingly, at this time, the air- 
fuel ratio of the air-fuel mixture fed into the com- 
bustion chamber 3 is changed over from rich to the 
stoichiometric air-fuel ratio. 

When it is determined in step 308 that the 
correction coefficient K is not equal to 1 .0, i.e., the 
target air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is lean or rich, the 
routine goes to step 325, and the rich completion 
flag is reset. Then, the routine goes to step 324 via 
steps 322 and 323, and the value of the correction 
coefficient K t is made the value of the correction 
coefficient K. Accordingly, at this time, the air-fuel 
mixture fed into the combustion chamber 3 is 
made lean or rich as long as the cut flag is not set 
Note that, where the cut flag is set, since the value 
of the correction coefficient K t ismade zero at step 
315, the injection of fuel is stopped. 

Figure 16 illustrates a third embodiment ac- 
cording to the present invention. As shown in Fig. 
16, in this embodiment, a HC concentration sensor 
23 for detecting the concentration of HC in the 
exhaust gas is arranged in the exhaust passage 22 
downstream of the NO x absorbent 18. This HC 
concentration sensor 23 produces an output volt- 
age which is proportional to the concentration of 
HC, and this output voltage is input into the input 
port 35 via an AD converter 39. 

When the target air-fuel ratio of the air-fuel 
mixture fed into the combustion chamber 3 is 
changed over from lean to the stoichiometric air- 
fuel ratio, if the air-fuel mixture is temporarily made 
rich as illustrated by T 0 in Figs. 11 through 13, a 
large amount of unburned HC and CO discharged 
from the combustion chamber 3 at this time is 
used for reducing the NO x released from the NO x 
absorbent 18. Accordingly, NO x , HC and CO are 
not substantially discharged into the exhaust pas- 
sage 22 downstream of the NO x absorbent 18 
during the time the releasing operation of the NO x 
from the NO x absorbent 18 is carried out. After this, 
when the releasing operation of the NO x from the 
NO x absorbent 18 is completed, since the un- 
burned HC and CO is no longer used for reducing 
the NO x , a large amount of the unburned HC and 
CO is discharged into the exhaust passage 22 of 
the NO x absorbent 18. Accordingly, it is possible to 
determine that the releasing operation of the NO x 
from the NO x absorbent 18 is completed from the 



fact that the concentration of the unburned HC in 
the exhaust gas flowing out from the NO x absor- 
bent 18 becomes high. 

In this case, if the air-fuel ratio of the air-fuel 

5 mixture fed into the combustion chamber 3 is 
changed over from rich to the stoichiometric air- 
fuel ratio when the concentration of the unburned 
HC in the exhaust gas flowing out from the NO x 
absorbent 18 becomes high, it is possible to com- 

10 pletely release the NO x absorbed in the NO x absor- 
bent 18 therefrom, and it is also possible to prevent 
a large amount of unburned HC and CO from being 
discharged into the outside air. Therefore, in the 
third embodiment, the HC concentration C C h in the 

75 exhaust gas flowing out from the NO x absorbent 18 
is detected by the HC concentration sensor 23, and 
the air-fuel ratio of the air-fuel mixture fed into the 
combustion chamber 3 is changed over from rich 
to the stoichiometric air-fuel ratio when the HC 

20 concentration C H c exceeds a predetermined value 

Figures 17A and 17B illustrate a routine for 
executing the third embodiment of an air-fuel ratio 
control, and this routine is repeatedly executed. 

25 Note that, also in this second embodiment, the cut 
flag processing routine illustrated in Fig. 9 is used 
when controlling the air-fuel ratio. 

Referring to Figs. 17A and 17B, in step 400, it 
is determined whether or not the degree of the 

30 opening of the throttle valve 14 is the degree of the 
opening at idling. When the degree of the opening 
of the throttle valve 14 is the degree of the opening 
at idling, the routine goes to step 401, and it is 
determined whether or not the engine speed N is 

35 lower than 900 r.p.m. If N £ 900 r.p.m., the routine 
goes to step 402. Namely, when the degree of the 
opening of the throttle valve 1 4 is the degree of the 
opening at idling, and the engine speed N is lower 
than 900 r.p.m., it is determined that the idling 

40 operation of the engine is carried out, and the 
routine goes to step 402. In step 402, the value of 
the correction coefficient K is made 1.0, i.e., the 
target air-fuel ratio of the air-fuel mixture to be fed 
into the combustion chamber 3 is made the 

45 stoichiometric air-fuel ratio, and then the routine 
goes to step 404. Conversely, when the degree of 
the opening of the throttle valve 14 is not the 
degree of the opening at idling, or when N > 900 
r.p.m., the routine goes to step 403, and the value 

50 of the correction coefficient K is calculated from the 
engine speed N and the absolute pressure PM in 
the surge tank 10 on the basis of the relationship 
shown in Fig. 3. Then, the routine goes to step 
404. 

55 In step 404, it is determined whether or not the 
value of the correction coefficient K is equal to 1 .0, 
i.e., the target air-fuel ratio of the air-fuel mixture to 
be fed into the combustion chamber 3 is the 
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stoichiometric air-fuel ratio. When K = 1.0, the 
routine goes to step 405, and it is determined 
whether or not a rich completion flag indicating that 
a process of temporarily making the air-fuel ratio 
rich is completed is set. When the routine initially 
goes to step 405 after the value of the correction 
coefficient K becomes equal to 1.0, the rich com- 
pletion flag is not set. Accordingly, at this time, the 
routine goes to step 406, and the value of the 
correction coefficient K t is made a predetermined 
value KK. This predetermined value KK is a value 
between about 1 .1 and 1 .2 which makes the air-fuel 
ratio of the air-fuel mixture a ratio between about 
12.0:1 to 13.5:1. 

Then, in step 407, the HC concentration C H c 
detected by the HC concentration sensor 23 is 
read in, and then in step 408, it is determined 
whether or not the HC concentration C H c becomes 
larger than a predetermined value 0. If C H c ^ £, the 
routine goes to step 410, and it is determined 
whether or not the cut flag is set. When the cut flag 
is set, the routine goes to step 411, and the value 
of the correction coefficient K t is made zero. Then, 
the routine goes to step 413. Conversely, when the 
cut flag is not set, the routine goes to step 412. In 
step 412, the basic fuel injection time TP is cal- 
culated from the engine speed N and the absolute 
pressure PM in the surge tank 10 on the basis of 
the map shown in Fig. 2, and then, the routine 
goes to step 413. In step 413, the fuel injection 
time TAU (= K,»TP) is calculated by multiplying 
the basic fuel injection time TP by the correction 
coefficient K t . 

When it is determined in step 408 that C H c > 

0, the routine goes to step 409, and the rich 
completion flag is set. Then, the routine goes to 
step 413 via steps 410 and 411 or via steps 410 
and 412. If the rich completion flag is set, the 
routine goes to step 415 from step 405, and the 
value of the correction coefficient K t is made the 
value of the correction coefficient K. Then, the 
routine goes to step 413 via steps 410 and 411 or 
via steps 410 and 412. Accordingly, if the value of 
the correction coefficient K becomes equal to 1.0, 

1. e., the target air-fuel ratio of the air-fuel mixture 
fed into the combustion chamber 3 becomes the 
stoichiometric air-fuel ratio, the air-fuel ratio of the 
air-fuel mixture fed into the combustion chamber 3 
is made rich (K t = KK) as long as the cut flag is 
not set. After this, when the HC concentration C H c 
exceeds the predetermined value £, the air-fuel 
ratio of the air-fuel mixture fed into the combustion 
chamber 3 is made the stoichiometric air-fuel ratio 
(K t = K). 

When it is determined in step 404 that the 
correction coefficient K is not equal to 1 .0, i.e., the 
target air-fuel ratio of the air-fuel mixture fed into 
the combustion chamber 3 is lean or rich, the 
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routine goes to step 414, and the rich completion 
flag is reset. Then, the routine goes to step 415, 
and the value of the correction coefficient K t is 
made the value of the correction coefficient K. 

5 Accordingly, at this time, the air-fuel mixture fed 
into the combustion chamber 3 is made lean or 
rich as long as the cut flag is not set. Note that, 
where the cut flag is set, since the value of the 
correction coefficient K, is made zero at step 41 1 , 

10 the injection of fuel is stopped. 

According to the present invention, when the 
engine operating region is changed over from a 
region in which a lean air-fuel mixture is burned to 
a region in which an air-fuel mixture of the 

75 stoichiometric air-fuel ratio should be burned, it is 
possible to prevent the NO x frombeing discharged 
into the outside air. 

While the invention has been described by 
reference to specific embodiments chosen for pur- 

20 poses of illustration, it should be apparent that 
numerous modifications could be made thereto by 
those skilled in the art without departing from the 
basic concept and scope of the invention. 

An engine comprising an exhaust passage hav- 

25 ing therein a NO x absorbent which absorbs the 
NO x when the air-fuel ratio of the exhaust gas 
flowing into the NO x absorbent is lean and releases 
the absorbed NO x when the air-fuel ratio of the 
exhaust gas flowing into the NO x absorbent be- 

30 comes the stoichiometric air-fuel ratio or rich. 
When the air-fuel ratio of the air-fuel mixture should 
be changed over from lean to the stoichiometric 
air-fuel ratio, the air-fuel ratio of the air-fuel mixture 
is temporarily made rich and is then made the 

35 stoichiometric air-fuel ratio. 

Claims 

1. An exhaust gas purification device of an en- 

40 gine having an exhaust passage, said device 

comprising: 

a NO x absorbent arranged in the exhaust 
passage and absorbing NO x when an air-fuel 
ratio of exhaust gas flowing into said NO x 

45 absorbent is lean, said NO x absorbent releas- 

ing absorbed NO x when the concentration of 
oxygen in the exhaust gas flowing into said 
NO x absorbent is lowered; 

determining means for determining wheth- 

50 er an engine operating region belongs to a first 
engine operating region in which an air-fuel 
ratio of an air-fuel mixture fed into the engine 
should be made approximately the 
stoichiometric air-fuel ratio or a second engine 

55 operating region in which the amount of fuel 

fed into the engine is reduced below the 
amount of fuel which is necessary to make 
said air-fuel ratio of the air-fuel mixture the 
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stoichiometric air-fuel ratio; and 

an air-fuel ratio control means for control- 
ling said air-fuel ratio of the air-fuel mixture to 
make said air-fuel ratio of the air-fuel mixture 
approximately the stoichiometric air-fuel ratio 5 
after temporarily making said air-fuel ratio of 
the air-fuel mixture rich when the engine op- 
erating region is changed over from said sec- 
ond engine operating region to said first en- 
gine operating region. w 

2. An exhaust gas purifying device according to 
claim 1, wherein said air-fuel ratio of the air- 
fuel mixture is made lean in said second en- 
gine operating region. 75 

3. An exhaust gas purification device according to 
claim 2, wherein said first engine operating 
region is a region in which the idling operation 

of the engine is carried out, and said second 20 
engine operating region is a region in which 
the engine is operating under a low and middle 
load. 

4. An exhaust gas purification device according to 25 
claim 3, wherein said air-fuel control means 
immediately changes over said air-fuel ratio of 

the air-fuel mixture from rich to approximately 
the stoichiometric air-fuel ratio when an engine 
speed drops below a predetermined speed 30 
during the time said air-fuel ratio of the air-fuel 
mixture is temporarily made rich. 



the air-fuel mixture rich for a time which is 
necessary to release almost all the absorbed 
NO x from said NO x absorbent. 

8. An exhaust gas purification device according to 
claim 7, wherein means for calculating a time 
during which a lean air-fuel mixture continues 
to be burned is provided, and the time during 
which said air-fuel ratio of the air-fuel mixture 
is temporarily made rich is made shorter as 
the time during which the lean air-fuel mixture 
continues to be burned becomes short. 

9. An exhaust gas purification device according to 
claim 1, further comprising means for detect- 
ing the concentration of HC in the exhaust gas 
discharged from said NO x absorbent, said air- 
fuel ratio control means changing over said air- 
fuel ratio of the air-fuel mixture from rich to 
approximately the stoichiometric air-fuel ratio 
when said concentration of HC exceeds a pre- 
determined value. 

10. An exhaust gas purification device according to 
claim 1, wherein said NO x absorbent contains 
at least one substance selected from alkali 
metals comprising potassium, sodium, lithium, 
cesium; alkali earth metals comprising barium, 
calcium; and rare earth metals comprising lan- 
thanum, yttrium and contains platinum. 



5. An exhaust gas purification device according to 
claim 2, wherein said first engine operating 35 
region is a region in which the engine is op- 
erating under a heavy load, and said second 
engine operating region is a region in which 
the engine is operating under a low and middle 
load. 40 



6. An exhaust gas purification device according to 
claim 1 , further comprising means for stopping 
a supply of fuel to the engine when the engine 

is decelerated and for starting the supply of 45 
fuel to the engine again when an engine speed 
drops below a predetermined speed, said first 
engine operating region being a region in 
which the supply of fuel is started, said second 
engine operating region being a region in 50 
which the supply of fuel is stopped, said air- 
fuel ratio control means temporarily making 
said air-fuel ratio of the air-fuel mixture rich 
when the supply of fuel is started again. 

55 

7. An exhaust gas purification device according to 
claim 1, wherein said air-fuel ratio control 
means temporarily makes said air-fuel ratio of 
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Fig. 8 
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Fig. 9 
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Fig. 13 



DEGREE OF OPENING 
OF THROTTLE VALVE 



OEGREE OF OPENING 
AT IDLING 



N 



ENGINE SPEED AT IDLING 



RICH 

I 

STOICHIOMETRIC 
AIR-FUEL RATIO 

I 

LEAN 



To 




EP 0 585 900 A1 



Fig.U 



) 

* I 

EP 0 585 900 A1 



Fig.15(A) 



AIR-FUEL RATIO CONTROL 

300 




304 

OPENING ^JiQ 



C 0 



•303 




.NO 




-306 






CALCULATION OF K 



-307 





325 








RICH COMPLETION FLAG IS RESET 


>-0'ES 









0 



EP 0 585 900 A1 
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